Background: Although pregnancy-related laparotomy is a major intervention, literature is limited to small casecontrol or single center studies. We aimed to identify national incidence rates for postpartum laparotomy related to severe acute maternal morbidity (SAMM) in a high-income country and test the hypothesis that risk of postpartum laparotomy differs by mode of birth. Methods: In a population-based cohort study in all 98 hospitals with a maternity unit in the Netherlands, pregnant women with SAMM according to specified disease and management criteria were included from 01/08/2004 to 01/ 08/2006. We calculated the incidence of postpartum laparotomy after vaginal and cesarean births. Laparotomies were analyzed in relation to mode of birth using all births in the country as reference. Relative risks (RR) were calculated for laparotomy following emergency and planned cesarean section compared to vaginal birth, excluding laparotomies following births before 24 weeks' gestation and hysterectomies performed during cesarean section. Results: The incidence of postpartum laparotomy in women with SAMM in the Netherlands was 6.0 per 10,000 births. Incidence was 30.1 and 1.8 per 10,000 following cesarean and vaginal birth respectively. Compared to vaginal birth, RR of laparotomy after cesarean birth was 16.7 (95% confidence interval [95% CI] 12.2-22.6). RR was 21.8 (95% CI 15.8-30.2) for emergency and 10.5 (95% CI 7.1-15.6) for planned cesarean section. Conclusions: Risk of laparotomy, although small, was considerably elevated in women who gave birth by cesarean section. This should be considered in counseling and clinical decision making.
Background
According to the World Health Organization (WHO), laparotomy is a critical intervention required in the management of life-threatening and potentially lifethreatening conditions [1] . In this study, laparotomy is defined as a surgical procedure involving an incision through the abdominal wall to gain access into the abdominal cavity other than cesarean section. Its use is indicative of severe maternal outcome and may be applied as a quality marker for obstetric care [1] . Although it is clear that laparotomy during pregnancy and after childbirth is a major intervention, literature is sparse and limited to case-control or single center studies with limited numbers of cases.
Previous studies only address 're-laparotomy' after cesarean section. Reported incidence rates of 're-laparotomy' are low, varying between 0.2 and 0.9% [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Although data on laparotomy after vaginal birth are not reported, it has been suggested that the incidence of laparotomy may be higher after cesarean section, since operative birth is associated with a higher risk of maternal morbidity and mortality [12, 13] .
In this paper, we report national incidence rates of postpartum laparotomy, using a nationwide cohort of women with severe acute maternal morbidity (SAMM), and test the hypothesis that the risk of pregnancyrelated laparotomy in the postpartum period differs by mode of birth.
Methods
This study is part of a well-known two-year nationwide cohort study to assess SAMM during pregnancy, labour and puerperium in the Netherlands, called the 'LEMMoN-study' (Landelijke studie naar Ethnische determinanten van Maternale Morbiditeit in Nederland). Pregnant women sustaining SAMM were included from all 98 hospitals with a maternity unit, in the period 1st August 2004 until 1st August 2006. These were eight tertiary care hospitals, 35 non-academic teaching hospitals and 55 general hospitals. Detailed information regarding data collection was described previously [14] .
Inclusion criteria for SAMM were categorized in five groups: admission into an intensive care unit, uterine rupture, eclampsia, major obstetric hemorrhage (defined as four or more units of pack red blood cells or hysterectomy or arterial embolization) and a miscellaneous group with SAMM in the opinion of the treating clinician, which could not be classified in any of the other four groups. Women could be included into more than one group, therefore: one woman could have more than one indication for laparotomy, and more than one comorbidity. For all calculations of risk and incidence, we used the number of women as the denominator. Laparotomy was not a specific inclusion criterion in the LEMMoN-study.
All women in the nationwide SAMM cohort who had a laparotomy after vaginal or cesarean birth were included in this specific study. Incidence of postpartum laparotomy and relative risks with regard to mode of birth were calculated. Only women with a birth after 24 weeks' gestational age were included, and only those who had a laparotomy within six weeks after birth. Women who had hysterectomy or other surgery during cesarean birth were excluded.
The main outcome measure was relative risk (RR) related to cesarean birth (with vaginal birth as reference) and associated risk factors. The Dutch Perinatal Register was used as the source for background denominator data. Clinical characteristics and birth data were analyzed in search of predisposing factors. Maternal characteristics included age, body mass index, parity, gestational age, and previous cesarean section. Data concerning birth included: mode of birth, blood loss, number of units of blood transfused, indication for laparotomy, timing of laparotomy after birth (< 24 h, 2-7 days or > 7 days), number of laparotomies and duration of hospital admission. Indications for laparotomy were clustered into six groups: severe postpartum hemorrhage, intra-abdominal bleeding, (suspected) uterine rupture, sepsis, hematoma and miscellaneous (i.e. removal of purposely-left sterile gauze, bladder damage, rectovaginal fistula). Therapeutic interventions were clustered into: bleeding control, which was then subdivided by location (abdominal wall, intra-abdominal and uterine scar-related), compression sutures such as the B-lynch procedure, ligation of large vessels, hysterectomy, hematoma/abscess drainage, negative laparotomy (exploration without therapeutic intervention) and miscellaneous. More than one indication or intervention could be assigned.
RRs with 95% confidence intervals (CI) were calculated where appropriate. Differences in characteristics between modes of birth were tested with a chi-square test or Fisher's exact test for categorical data and independent t-test or Mann-Whitney U test for numerical data where appropriate. Statistical analysis was performed using SPSS statistics, version 20.0 (SPSS, Chicago, IL).
Results
During the two years, 355,841 births were registered in the Netherlands Perinatal Register: 302,689 (85.1%) vaginal births and 53,152 (14.9%) cesarean sections, of which 24,580 (46.2%) planned and 28,572 (53.8%) emergency sections. Among 2552 women with SAMM in the cohort, 325 laparotomies were reported in 276 women. This gives a total incidence of laparotomy in women with SAMM in the Netherlands of 7.8 per 10,000 births. Sixty-one women were excluded from analysis of risk as they did not fit the inclusion criteria: 37 had the (initial) laparotomy before birth, 15 had a cesarean section with additional procedures including 11 hysterectomies, 6 had delivered before 24 weeks' gestational age and 3 were more than 42 days postpartum at the time of laparotomy.
The 215 remaining women were included for risk analysis, of whom 160 (74.4%) had laparotomies following cesarean section (10 out of these 160 were failed vacuum extractions) and 55 (25.6%) following vaginal birth (14 out of these 55 were instrumental births -all vacuum extractions, forceps are rarely used in the Netherlands).
One hundred and forty-five women (67.4%) were admitted into an intensive care unit. Comorbidity included major obstetric hemorrhage in 192 (89.3%), uterine rupture in 22 (10.2%), eclampsia in 8 (3.7%) and miscellaneous morbidity in six (2.8%) out of the 215 women. These 'miscellaneous comorbidities' were (A) postoperative adhesion ileus (twice), (B) large abdominal wall hematoma after cesarean section, (C) incarcerated hernia one day postpartum requiring ilio-caecal resection, (D) rectovaginal fistula nine days after anal sphincter rupture requiring colostomy, (E) a large wound defect with multiple abscesses.
One hundred thirty-eight women had more than one comorbidity (118 had two, 19 had three and one woman had four co-morbidities). The incidence of laparotomy after childbirth in women with SAMM in the Netherlands, who fitted our inclusion criteria for risk analysis in relation to mode of birth, was 6.0 per 10,000. Incidence was 30.1 per 10,000 cesarean births and 1.8 per 10,000 vaginal births (Table 1) . This gives a RR of 16.7 (95% CI 12.2-22.6). The absolute risk of laparotomy was 39.5 per 10,000 births for emergency cesarean section and 19.1 per 10,000 for planned section. Compared to vaginal birth, RRs for emergency and planned cesarean section were 21.8 (95% CI 15.8-30.2) and 10.5 (95% CI 7.1-15.6) respectively (Table 1) .
Women who had laparotomy after cesarean section, were more often nulliparous, had pregnancies of lower gestational age and longer hospital admissions compared to those who gave birth vaginally (Table 2) . Large proportions in both groups were found to have scarred uteri: 32.7% of women who delivered by cesarean section and 34.0% of women who delivered vaginally. Among women who had laparotomy after cesarean section the proportion of women with a scarred uterus secondary to previous cesarean section was larger in the planned cesarean section group (emergency 20.4%, planned 61.7%; p < 0.01). There were 103 women (48%) who needed to be transfused nine or more units of red blood cell concentrates: 30 following vaginal and 73 following cesarean birth.
SAMM occurred before childbirth in 14 (6.5%) and after childbirth in 198 (92.1%) women; in three women this information was unknown (Table 2 ). In 99 women (46.0%), the indication for laparotomy after birth was intra-abdominal bleeding, followed by severe postpartum hemorrhage (83 women, 38.6%) ( Table 3) . For cesarean section, the main indication was intra-abdominal bleeding (93 women, 58.1%). For vaginal birth, main indications were severe postpartum hemorrhage (34 women, 61.8%) or suspected uterine rupture (12 women, 21.8%).
A total of 147 (68.4%) laparotomies were performed within 24 h after birth (cesarean section 63.1% vs. vaginal birth 83.6%; p < 0.05). Late laparotomies (within 2-7 days) were more likely to happen following cesarean section (26.9% vs. vaginal birth 9.1%; p < 0.05).
During the first laparotomy, hysterectomy was the most frequently performed intervention (63 women, 29.3%), followed by control of intra-abdominal (53 women, 24.7%) and caesarean scar-related bleeding (34 women, 15.8%). In 21 (9.8%) women, no therapeutic intervention was done during laparotomy.
Forty out of the 215 women included in the risk analysis (18.6%) had more than one laparotomy: 32 out of these 40 (80.0%) had two, seven (17.5%) had three and one (2.5%) had four laparotomies. In 21 (52.5%) of these 40 women, the operation was due to intra-abdominal bleeding and in 5 (12.5%) re-laparotomy resulted in hysterectomy.
Three out of the 215 women died shortly after or during laparotomy (case fatality rate 1.4%): one woman died in the intensive care unit after hysterectomy for severe hemorrhage following vaginal birth. Another woman, who had a history of cardiac disease, died due to massive intra-peritoneal hemorrhage from iatrogenic perforation of the iliac artery during uterine embolization following vaginal birth. Laparotomy was performed as a last resort, but she died shortly afterwards in the intensive care unit. The third maternal death was due to puerperal sepsis with group-A streptococcus. The woman had delivered a stillbirth vaginally and suffered persistent postpartum hemorrhage despite embolization. She died during hysterectomy.
Discussion
This study, using a nationwide cohort of women who suffered SAMM, is the first to report national incidence rates of laparotomy after vaginal and cesarean birth. The risk of postpartum laparotomy was more than 16 times higher in women who gave birth by cesarean section compared to those who gave birth vaginally. The risk for laparotomy is lower when cesarean section is planned, but nevertheless still 10 times higher compared to vaginal birth.
Our results also indicate that laparotomy after childbirth may be an appropriate indicator of severe maternal outcome and quality marker for obstetric care. For example, 183 of 215 women (85.1%), fulfill the WHO Maternal Near Miss criterion of having had five or more units of blood transfused [1] . Based on a previously performed hypothetical experiment based study, 113 out of the 215 women (52.6%) would have died if massive blood transfusion had not been available, as is the case in many low-income countries [15] . The rate of laparotomy after cesarean section in women with SAMM in the Netherlands (0.3%) appears relatively low compared to the literature (0.2-0.9%) [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Since laparotomy after vaginal birth has not been studied before, the incidence we found for laparotomy following vaginal birth cannot be compared to other studies. The largest study of laparotomy following cesarean section was conducted in a single university medical center in Israel and included 80 women over a period of 20 years. Our study is unique because of its large sample size (n = 215), included in a relatively short time frame, and its prospective nationwide design.
Postpartum hemorrhage, placental abruption, uterine rupture and previous cesarean section were previously found to be associated with increased risk of relaparotomy [2, 4, 5, 10] . We confirmed that the main proportion (68.4%) of all laparotomies was performed within 24 h after birth due to either intra-abdominal bleeding (46.0%) or postpartum hemorrhage (38.6%). One third of women (32.6%) had a previous cesarean section. Although placental abruption was not an endpoint, the majority of these cases are likely represented in the group of major obstetric hemorrhage since women would generally receive at least four units of blood. Thirteen women underwent laparotomy due to (suspected) uterine rupture. Infection or sepsis were not reported as outcomes of interest in previous studies. In our study, sepsis was the indication for laparotomy in 11 cases.
Our results need to be interpreted with caution since our study has several important limitations. First, the data from the LEMMoN-study are rather old and changes in incidence and risk may have occurred since data collection took place. However, we are not aware of any currently ongoing studies of postpartum laparotomy and think that our data are therefore still of considerable importance, since more up-to-date information is unlikely to become available for some time. A second limitation is that laparotomy was not a separate inclusion criterion as having severe acute maternal morbidity. This may introduce selection bias, since women who were transfused less than five units of blood, those who did not have hysterectomy, embolization, or uterine rupture and those who were not admitted into intensive care may have been missed. These women would only have been included if the treating obstetrician still decided to include her as severe acute maternal morbidity. Nevertheless, the fact that laparotomies in women with SAMM will have been included validates our conclusions for this group. The fact that the overwhelming majority (149, 93.1%) of SAMM in our cohort occurred after birth provides an additional argument for the hypothesis that SAMM may often be related to the mode of birth. Some of these SAMM conditions may be more common after (difficult) cesarean versus vaginal birth and this is precisely what should be included in any clinical counseling about risks of cesarean section. We analyzed all vaginal births as one group and did not subdivide between instrumental and spontaneous births, postulating that the risk of laparotomy following a successful instrumental birth would not be elevated.
With regard to mode of birth (vaginal birth, emergency and planned cesarean section) there are some noteworthy results. In contrast with what is commonly assumed, the proportion of re-laparotomy due to intraabdominal bleeding was comparable for planned and emergency cesarean section. The timing to perform laparotomy is more often between two and seven days after cesarean section than after vaginal birth, where laparotomy is performed earlier. In total, 140 out of 160 (88%) laparotomies after cesarean birth were performed within four days. This means that clinicians should be particularly cautious of the occurrence of complications that may lead to laparotomy in the first four days after cesarean section. It should also be underlined that almost 20% of women had more than one laparotomy after birth and that in 10% of all laparotomies exploration was performed without any therapeutic intervention.
Cesarean birth rates have been increasing for the past decades up to 47.6% in China and 50% in Brazil [16, 17] . In the Netherlands, although rates are relatively low, the proportion of cesarean section has risen from 11% to 16% between 1999 and 2012 [18] . A recent study in China showed that 40% of cesarean sections were performed without medical indication [19] . Considering the elevated risk of laparotomy after cesarean section, such developments will inevitably lead to a rise in unfavorable outcomes. This adds to the results of previous studies in which cesarean birth was also found to be associated with a clearly elevated risk of maternal morbidity and mortality compared to vaginal birth, regardless of the indication [12, 13, 20] . Our study addresses both shortand long-term adverse effects of cesarean section: the complications as a result of initial surgery requiring laparotomy, and the complications in subsequent pregnancies, such as abnormally invasive placentation and the risks of birth in presence of a uterine scar [21] [22] [23] . Women with vaginal birth after previous cesarean section are over-represented (18/55 women, 34.0%) compared to the general Dutch pregnant population (6.0%) [14] . WHO has recently stated again that national cesarean birth rates above 10% are not associated with a further decrease in maternal or neonatal mortality [24] . It is alarming that cesarean rates are still on the rise in most countries [16] . These rates may be difficult to curb, but it is important to realize that every cut may have its cost.
Adverse maternal outcome, including laparotomy, should be kept in mind when cesarean section is considered and women are counselled for mode of birth, particularly when maternal request is the only indication.
Conclusion
Main finding of this nationwide cohort study is that the risk of postpartum laparotomy in women with severe acute maternal morbidity in the Netherlands was much higher after cesarean section compared to vaginal birth. This information must be taken into account by clinicians when considering mode of birth and can be interpreted as yet another reason to reduce unnecessary cesarean sections. 
